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Abstract

Aims: Glomerular hyperfiltration characterises the earliest stage of diabetic ne-
phropathy and predicts adverse kidney and cardiovascular outcomes. We aimed to
assess the prevalence and risk factors of glomerular hyperfiltration in a population-
based contemporary cohort of individuals with type 2 diabetes (T2D).

Materials and Methods: The prevalence of unequivocal glomerular hyperfiltration
(defined by an estimated glomerular filtration rate >120 mL/min/1.73 m?) and its
associated risk factors were identified in a cohort of 202,068 adult patients with
T2D receiving specialist care in 2021-2022, whose center-aggregated data were
automatically extracted from electronic medical records of 75 diabetes clinics in
Italy.

Results: Glomerular hyperfiltration was identified in 1262 (0.6%) participants. The
prevalence of glomerular hyperfiltration varied widely across centers (0%-3.4%)
and correlated with mean center age, HbA1., body mass index (BMI), and low-
density lipoprotein cholesterol. Patients in centers with high glomerular hyper-
filtration prevalence (>0.8%) were more often men and had lower age and BMI, but
more frequent albuminuria and worse glucose, lipid, and blood pressure control,
compared with low-normal prevalence centers.

Conclusions: Unequivocal glomerular hyperfiltration can be identified in up to 3.4%
of patients receiving up-to-date specialist diabetes care. Glomerular hyperfiltration
prevalence varies across centers and substantially increases with suboptimal con-
trol of metabolic risk factors, which would require improved management to miti-

gate the negative health consequences of this pathological condition.
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1 | INTRODUCTION

Chronic kidney disease (CKD) associated with type 2 diabetes (T2D)
is a leading cause of end-stage kidney disease worldwide, whose
incidence is projected to increase over the next decades.® The pre-
clinical stage of diabetic nephropathy is characterised by an abnormal
elevation in glomerular filtration rate (GFR), defined as glomerular
hyperfiltration, which can contribute to kidney damage progression
and albuminuria by increasing capillary pressure and tensile stress.?
Glomerular hyperfiltration has been associated with worse kidney>™®
and cardiovascular outcomes®” and increased cardiovascular and all-
cause mortality,>®° which are only partly explained by its close as-
sociation with poor glycaemic control, obesity, hypertension, and
dyslipidemia.2

The prevalence of glomerular hyperfiltration and its associated
risk factors in the general population of individuals with T2D remains
unknown. In fact, the reported prevalence of glomerular hyper-
filtration in these individuals varied greatly, from 6% to 73%,
reflecting the high variability in diagnostic criteria and populations'
characteristics.'®'' Moreover, previous studies analysed relatively
small cohorts and were mostly conducted more than 20 years ago,
that is before the development of novel therapies and guidelines for
the management of CKD risk factors.

To fill this knowledge gap, this large-scale study aimed to identify
the prevalence of glomerular hyperfiltration in a contemporary
cohort of patients with T2D across 75 diabetes centers in Italy, and
to recognise the main risk factors associated with this pathological

condition among established components of the metabolic syndrome.

2 | METHODS
2.1 | Data collection

Aggregate patient data were collected in 2022 from 75 secondary
and tertiary referral diabetes clinics in Italy, which were evenly
distributed across the four peninsular macroregions (North-West:
n = 21 [28%], North-East: n = 16 [21%], Center: n = 21 [28%], and
South: n = 17 [23%)]). Patient inclusion criteria for data extraction
were diagnosis of T2D, age >18 years, and at least one recorded
access to the clinic within the 12 months prior to data extraction.
Aggregated center data were automatically extracted from electronic
medical records of each center using the ‘Tool Pioneering Assess-
ment’ software (Smart Digital Clinic, Meteda), provided within an
educational project approved by the National Agency for Regional
Health Services (AGENAS, ECM:5310-329114). Data extracted from
each center included center size and location, sex distribution, and
the average and SD of patients' age, body mass index (BMI), HbA,
blood pressure, total and fractional cholesterol, and triglycerides.
Collected data also included the proportion of patients in each center
with an estimated glomerular filtration rate (eGFR) > 120 or <30 mL/
min/1.73 m?, albuminuria, longstanding diabetes (>5 years), obesity

(BMI >30 kg/m?), previous or active smoking habit, poor

management of glucose (HbA;. >7%), blood pressure (>140/
90 mmHg), and low-density lipoprotein (LDL) cholesterol (LDL-c)
(>100 mg/dL), as well as information about active pharmacological
treatments. According to the Italian Medicines Agency det. 20/03/
2008 on retrospective observational studies on anonymous data,
preemptive approval by an ethics committee was not mandatory and
the need for informed consent was waived given that aggregated
center data were automatically collected and cannot be referred to
specific individuals. The study was conducted in accordance with the
1964 Declaration of Helsinki and its later amendments.

2.2 | Definitions

Unequivocal glomerular hyperfiltration was defined as an
eGFR > 120 mL/min/1.73 m? using the creatinine-based Chronic
Kidney Disease Epidemiology Collaboration formula,'? according to
previous studies.*®>* The 75" percentile of the frequency distribu-
tion curve of glomerular hyperfiltration prevalence across partici-
pating centers (0.8%) was used as a cut point to identify centers with

a high prevalence of glomerular hyperfiltration.

2.3 | Statistical analysis

Given that patient data were aggregated by participating center, the
unity of the analysis was the individual center. Continuous variables
are reported as mean =+ SE of inverse-variance weighted aggregated
center data. Categorical variables are reported as mean + SE of in-
dividual center proportions using the center size as weight. Group
differences were tested by Student's t tests weighted by inverse
variance or center size as appropriate. Correlations were tested using
inverse-variance weighted Pearson correlation. Multivariable linear
regression weighted for center size was used to identify the main
determinants of glomerular hyperfiltration prevalence among
standardised age, sex, BMI, HbA,., systolic blood pressure, LDL-c,
and albuminuria. Exploratory analyses were performed including
either the prevalence of longstanding diabetes (>5 years from diag-
nosis) or the prevalence of treatment with sodium-glucose cotrans-
porter 2 (SGLT-2) inhibitors among model independent variables.
Aggregated BMI data from 12 (16%) centers were excluded from
analysis because of inappropriately high mean or SD values reflecting
non-biologically sound outliers that could not be excluded at the
patient level. Analyses were performed using JMP Pro software
version 17 (SAS Institute) at a two-sided « level of 0.05.

3 | RESULTS

Center-aggregated data from 202,068 adult patients with T2D who
received specialist care in 2021-2022 were extracted from 75
recruiting centers. Glomerular hyperfiltration was identified in 1262

(0.6%) patients. The prevalence of glomerular hyperfiltration ranged
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widely across centers, from 0% to 3.4%, being similar in the different
Italian macroareas (p = 0.789). Glomerular hyperfiltration prevalence
of each center correlated negatively with mean age (r = —0.309,
p = 0.007) and body mass index (BMI; r = —0.395, p = 0.001), and
positively with the mean patient HbA;. (r = 0.353, p = 0.002) and
LDL-c (r=0.255, p = 0.030) (Figure 1), while there was no correlation
with center size (r = —0.156, p = 0.182) or either systolic (r = 0.133,
p = 0.254) or diastolic (r = 0.095, p = 0.417) blood pressure.

The aggregated patient characteristics of 19 centers (n = 41,761
patients) with high glomerular hyperfiltration prevalence (>0.8%)
were compared with 56 centers (n = 160,307 patients) with low-
normal prevalence (Table 1). On average, patients in high-
prevalence centers were younger, with lower BMI, and shorter dia-
betes duration. However, they had a worse cardiovascular risk pro-
file, with higher HbA,. and LDL-cholesterol, lower HDL-cholesterol,
and higher prevalence of male sex, uncontrolled hypertension, and
albuminuria. Glucose-lowering therapy was similar between groups,
except for insulin being more frequently used in high-prevalence

centers.

n multivariable analysis, age (st = —0.318, p = 0.004) and
HbA;. (st = 0.301, p = 0.020) were identified as the main
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determinants of glomerular hyperfiltration prevalence, while male
sex (st.8 = —0.155, p = 0.135), BMI (st.8 = —0.198, p = 0.051), systolic
blood pressure (st = —0.016, p = 0.859), LDL-c (st = —0.034,
p = 0.738), and albuminuria (st = —0.031, p = 0.737) had no sig-
nificant effects (model R? = 0.326). When added to the model, the
prevalence of long diabetes duration showed a negative effect on
glomerular hyperfiltration prevalence, which did not reach statistical
significance (st.8 = —0.206, p = 0.060), while treatment with SGLT-2
inhibitors had a neutral effect (st.8 = 0.070, p = 0.351).

4 | DISCUSSION

We assessed the prevalence of unequivocal glomerular hyper-
filtration and its associated risk factors in a contemporary cohort of
202,068 adult patients with T2D representative of the general dia-
betes population receiving specialist care in Italy. Overall, the prev-
alence of eGFR-defined glomerular hyperfiltration in this cohort was
less than 1%, ranging from virtually 0% to 3.4%, whereas a high
proportion of patients (~35%-50%) presented with suboptimal

management of major metabolic risk factors, encompassing obesity,
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FIGURE 1 Relationships between the prevalence of glomerular hyperfiltration in each center and the mean patient age, BMI, glycated
haemoglobin, and LDL cholesterol. Correlations were tested using the inverse-variance weighted Pearson correlation of aggregated center
data. Best-fit lines and 95% confidence bands are shown. LDL, low-density lipoprotein.
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TABLE 1 Characteristics of participating centers stratified by the prevalence of glomerular hyperfiltration.
All centers High prevalence Low-normal prevalence p
Centers, n 75 19 56 -
Patients, n 202,068 41,761 160,307 -
Patients per center, n 2694 + 1762 2198 + 1583 2863 + 1801 0.136
Patients per macro-region, n (%) 0.535
North-West 66,283 (32.8) 15,027 (36.0) 51,256 (32.0)
North-East 60,021 (29.7) 15,687 (37.5) 44,334 (27.7)
Center 44,182 (21.9) 4875 (11.7) 39,307 (24.5)
South 31,582 (15.6) 6172 (14.8) 25,410 (15.8)
Age, years 70.1 £ 0.1 695+ 0.1 70.2 £ 0.1 0.045
Age <55 years, % 9.5+ 0.2 112 + 04 9.1+ 0.2 <0.0001
Sex (man), n (%) 57.6 £0.3 58.7 £ 0.6 573+ 0.3 0.043
BMI, kg/m? @ 294 + 0.1 28.9 £ 0.1 29.6 £ 0.1 0.001
BMI >30 kg/m?, % 39.1+ 0.5 37.1+ 0.6 40.0 + 0.6 0.002
Tobacco smoking (active/previous), % 47.9 + 0.6 481+ 14 47.9 + 0.7 0.919
HbA,, % 7.2 £0.02 7.3 £0.03 7.2 £0.03 0.002
HbA. > 7%, % 484 + 0.8 528 + 1.0 473 £ 0.9 <0.0001
Diabetes duration >5 years, % 75.9 + 0.8 727 + 1.8 76.8 + 0.8 0.037
Systolic blood pressure, mmHg 134.8 £ 0.6 1350 + 1.3 134.7 £ 0.7 0.848
Diastolic blood pressure, mmHg 773+ 0.2 778 + 0.4 772 +0.2 0.234
Blood pressure >140/90 mmHg, % 499 + 14 553+ 29 484 + 1.6 0.038
eGFR <30 mL/min/1.73 m?, % 4.6 + 0.1 45+ 02 4.6 + 0.1 0.758
Albuminuria, % 620 + 1.4 68.3 + 1.1 604 + 1.7 <0.0001
Total cholesterol, mg/dL 164.5 + 0.7 166.0 + 1.1 164.0 + 0.8 0.194
LDL cholesterol, mg/dL 89.0 +£ 0.6 91.3 £ 0.9 88.2 + 0.8 0.033
HDL cholesterol, mg/dL 48.5 + 0.2 478 £ 0.1 48.8 + 0.1 0.020
Triglycerides, mg/dL 139.1 + 0.8 139.7 £ 1.9 138.8 + 0.9 0.635
LDL >100 mg/dL, % 341+ 0.7 357 +£ 1.2 338 +£ 0.8 0.178
Metformin, % 717 £ 0.5 718 £ 0.7 717 £ 0.6 0.902
Sulfonylureas/glinides, % 10.5 + 0.8 11.3+ 1.1 103+ 1.0 0.512
Acarbose, % 1.0 £ 0.1 1.1 +£03 10 £ 0.1 0.765
Thiazolidinediones, % 41+04 34+08 43+ 04 0.347
DPP-1V inhibitors, % 220 £+ 0.6 211+ 0.8 223 +£ 0.7 0.252
GLP-1 receptor agonists, % 223+ 0.7 238 + 1.0 22.0 £ 0.9 0.156
SGLT-2 inhibitors, % 217 £ 0.8 232+ 14 214+ 0.9 0.263
Insulin, % 33.9+£0.8 37.6 £ 1.7 329 £ 0.8 0.013
Any anti-hypertensive treatment, % 66.6 + 1.0 65.7 £ 1.8 66.8 + 1.2 0.617

Note: Continuous variables are reported as mean + SE of inverse-variance weighted aggregated center data. Categorical variables are reported as
mean =+ SE of individual center proportions (%) weighted using the individual center size. Group differences were tested by Student's t tests weighted by
inverse variance or center size as appropriate. Statistically-significant group differences are reported in bold.

Abbreviations: DPP-IV, dipeptidyl peptidase 4; LDL, low-density lipoprotein.
?Reliable data available in 15/19 (79%) and 48/56 (86%) centers.
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poor glycaemic control, uncontrolled hypertension, and dyslipidemia.
The high variability in glomerular hyperfiltration prevalence between
centers could be largely attributed to wide differences in mean age
and HbA,., while statistically significant group differences in sex
distribution, BMI, blood pressure, lipid profile, and albuminuria
played a minor role.

To our knowledge, this is the largest study to date evaluating the
prevalence and risk factors for glomerular hyperfiltration in adults
with T2D. Compared with previous observations,'® the lower prev-
alence of glomerular hyperfiltration herein reported herein can be
attributed to several reasons, including (1) use of a higher diagnostic
cut-off point; (2) older patients' age; (3) improved care; and (4) more
advanced disease stage. Several cut-off points of GFR have been
proposed to define glomerular hyperfiltration due to the lack of
consensus on diagnostic criteria and assessment tools.** In 15,773
Italian patients with T2D from the Renal Insufficiency And Cardio-
vascular Events study,8 an eGFR of >104 mL/min/1.73 m? charac-
terised the highest decile of eGFR distribution, used to define
glomerular hyperfiltration. However, the reported prevalence of
glomerular hyperfiltration in that study fell to 0.3% when a more
stringent eGFR cut point was used (130 mL/min/1.73 m?), and
remained below 5% using age- or age- and sex-adjusted eGFR
thresholds. Although there is a general agreement that an eGFR
above 120 mL/min/1.73 m? identifies an inappropriately high GFR

across all ages,ls'14

this threshold may be excessively conservative in
the elderly,” considering a physiological ~1 mL/min/1.73 m? GFR
decline per year after 40-50 years of age. A lower prevalence of
glomerular hyperfiltration than older studies can also be explained by
improved management of metabolic risk factors and widespread
implementation of renin-angiotensin-aldosterone system (RAAS) in-
hibitors*®~'” and SGLT-2 inhibitors.*8-2° Finally, clinical data were
retrieved from secondary and tertiary referral centers for the
treatment of diabetes. Therefore, most patients enrolled in this study
presented with long disease duration and may have already passed
the initial stage of diabetes nephropathy characterised by glomerular
hyperfiltration.

Our findings provide support to the potential pathogenetic role
of several components of the metabolic syndrome as determinants of
glomerular hyperfiltration, especially poor glucose control, and
confirm the association between this condition and advanced kidney
damage marked by albuminuria.? Nonetheless, the negative correla-
tion between BMI and glomerular hyperfiltration prevalence was
unexpected based on current physiopathological knowledge and
should be interpreted with caution, requiring further confirmation.

Some limitations of this study should be acknowledged, mostly
inherent to its retrospective design and ecological nature. First, the
available data allowed the definition of glomerular hyperfiltration
only based on a fixed eGFR threshold, which may be too stringent
considering important age- and sex-related differences in GFR, as
well as the known limitations of eGFR in detecting high directly-
measured GFR values.” Second, aggregated center data did not

allow for patient-level analyses, which would be informative in risk

factor assessment. Third, data were automatically extracted from
electronic clinical records, which are prone to errors and reporting
bias. This may explain some unreliable BMI data, which were
excluded from analyses, as well as inappropriately high rates of
albuminuria compared with previous studies.® Fourth, detailed in-
formation about pharmacological therapy beyond glucose-lowering
medications was not available; therefore, we could not examine the
influence of RAAS inhibitors, diuretics, or nephrotoxic drugs on
glomerular hyperfiltration.

In summary, eGFR-defined glomerular hyperfiltration was iden-
tified in a small proportion (0.6%) of a large contemporary cohort of
Italian patients with T2D receiving specialist diabetes care. The
prevalence of glomerular hyperfiltration increased with suboptimal
control of metabolic risk factors, which would require improved
management to meet therapeutic targets. Raising clinical awareness
on this overlooked condition would be valuable to prompt careful
evaluation and adequate treatment in individuals known to be at high

risk of kidney and cardiovascular disease.

AUTHOR CONTRIBUTIONS

Domenico Trico: Study design, data analysis, figure preparation,
manuscript drafting. Gian Paolo Fadini: Data collection, manuscript
editing and critical revision. Mario Luca Morieri, Riccardo Candido,
Olga Eugenia Disoteo, Simona Frontoni: Data collection, manuscript
editing. Anna Solini: Study design, data collection, manuscript editing

and final revision; the study supervision.

ACKNOWLEDGEMENTS

The authors are grateful to all the physicians and staff members of
the centers who participated in this study. This study was supported
by Novo Nordisk.

CONFLICT OF INTEREST STATEMENT
The authors declare that there is no duality of interest associated

with their contribution to this manuscript.

ETHICS STATEMENT

According to the ltalian Medicines Agency det. 20/03/2008 on
retrospective observational studies on anonymous data, preemptive
approval by an ethics committee was not mandatory and the need for
informed consent was waived given that aggregated center data
were automatically collected and cannot be referred to specific in-
dividuals. The study was conducted in accordance with the 1964
Declaration of Helsinki and its later amendments.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

CONSENT FOR PUBLICATION
All the material in this manuscript is owned by the authors, who had

reviewed the manuscript prior to submission and provided written

85UB017 SUOWWIOD AIIe1D) 8|qeotjdde 8y A peuienob ae e YO 8sn Jo SNl 10} Ariq1T8UIUO 48] 1M UO (SUORIPUOD-PUR-SLLIBY/ALICO" A3 1M ARIq 1 BUI|UO//SdNY) SUORIPUOD pue SWe 1 8y} 885 *[202/TT/9z] Uo Ariq1T8ullUO A8]IM ‘W L0 8luowRld A AVseAIIN AQ Z8.2€ 1ILIP/Z00T OT/I0P/W0D A8 |Im AreIq1juljuo//:sdiy Wo.j pepeojumod ‘€ ‘%202 ‘095202ST



¢ofs | WILEY

TRICO T AL

consent for publication. The results, tables and figures in this

manuscript have not been published elsewhere.

ORCID

Domenico Trico
Anna Solini

https://orcid.org/0000-0002-7633-1346
https://orcid.org/0000-0002-7855-8253

PEER REVIEW

The peer review history for this article is available at. https://www.

webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.3782.

REFERENCES

1.

10.

Ong KL, Stafford LK, McLaughlin SA, et al. Global, regional, and
national burden of diabetes from 1990 to 2021, with projections of
prevalence to 2050: a systematic analysis for the Global Burden of
Disease Study 2021. Lancet. 2023;402(10397):203-234. https://doi.
org/10.1016/s0140-6736(23)01301-6

Cortinovis M, Perico N, Ruggenenti P, Remuzzi A, Remuzzi G.
Glomerular hyperfiltration. Nat Rev Nephrol. 2022;18(7):435-451.
https://doi.org/10.1038/s41581-022-00559-y

Ruggenenti P, Porrini EL, Gaspari F, et al. Glomerular hyperfiltration
and renal disease progression in type 2 diabetes. Diabetes Care.
2012;35(10):2061-2068. https://doi.org/10.2337/dc11-2189
Moriya T, Tsuchiya A, Okizaki S, Hayashi A, Tanaka K, Shichiri M.
Glomerular hyperfiltration and increased glomerular filtration sur-
face are associated with renal function decline in normo- and
microalbuminuric type 2 diabetes. Kidney Int. 2012;81(5):486-493.
https://doi.org/10.1038/ki.2011.404

Moriconi D, Sacchetta L, Chiriaco M, et al. Glomerular hyper-
filtration predicts kidney function decline and mortality in type 1
and type 2 diabetes: a 21-year longitudinal study. Diabetes Care.
2023;46(4):845-853. https://doi.org/10.2337/dc22-2003

Reboldi G, Verdecchia P, Fiorucci G, et al. Glomerular hyperfiltration
is a predictor of adverse cardiovascular outcomes. Kidney Int.
2018;93(1):195-203. https://doi.org/10.1016/j.kint.2017.07.013
Dupuis M-E, Nadeau-Fredette AC, Madore F, Agharazii M, Goupil
R. Association of glomerular hyperfiltration and cardiovascular
risk in middle-aged healthy individuals. JAMA Netw Open. 2020;
3(4):e202377. https://doi.org/10.1001/jamanetworkopen.2020.
2377

Penno G, Orsi E, Solini A, et al. Renal hyperfiltration is independently
associated with increased all-cause mortality in individuals with type
2 diabetes: a prospective cohort study. BMJ Open Diabetes Res &
Care. 2020;8(1):e001481. https://doi.org/10.1136/bmjdrc-2020-
001481

Park M, Yoon E, Lim YH, Kim H, Choi J, Yoon HJ. Renal hyper-
filtration as a novel marker of all-cause mortality. J Am Soc
Nephrol. 2015;26(6):1426-1433. https://doi.org/10.1681/asn.2014
010115

Tonneijck L, Muskiet MH, Smits MM, et al. Glomerular hyper-
filtration in diabetes: mechanisms, clinical significance, and

11.

12.

13.

14.

16.

17.

18.

19.

20.

treatment. J Am Soc Nephrol. 2017;28(4):1023-1039. https://doi.org/
10.1681/asn.2016060666

Cachat F, Combescure C, Cauderay M, Girardin E, Chehade H. A
systematic review of glomerular hyperfiltration assessment and
definition in the medical literature. Clin J Am Soc Nephrol.
2015;10(3):382-389. https://doi.org/10.2215/cjn.03080314

Inker LA, Schmid CH, Tighiouart H, et al. Estimating glomerular
filtration rate from serum creatinine and cystatin C. N Engl J Med.
2012;367(1):20-29. https://doi.org/10.1056/nejmoa1114248

Luo Y, Wang X, Wang Y, et al. Association of glomerular filtration
rate with outcomes of acute stroke in type 2 diabetic patients: re-
sults from the China National Stroke Registry. Diabetes Care.
2014;37(1):173-179. https://doi.org/10.2337/dc13-1931

Davis TME, Chubb SAP, Davis WA The relationship between esti-
mated glomerular filtration rate trajectory and all-cause mortality in
type 2 diabetes: the Fremantle Diabetes Study. Eur J Endocrinol.
2016;175(4):273-285. https://doi.org/10.1530/eje-16-0327
Apperloo AJ, de Zeeuw D, de Jong PE A short-term antihypertensive
treatment-induced fall in glomerular filtration rate predicts long-
term stability of renal function. Kidney Int. 1997;51(3):793-797.
https://doi.org/10.1038/ki.1997.111

Testani JM, Kimmel SE, Dries DL, Coca SG. Prognostic importance of
early worsening renal function after initiation of angiotensin-
converting enzyme inhibitor therapy in patients with cardiac
dysfunction. Circ Heart Fail. 2011;4(6):685-691. https://doi.org/10.
1161/circheartfailure.111.963256

Holtkamp FA, de Zeeuw D, Thomas MC, et al. An acute fall in esti-
mated glomerular filtration rate during treatment with losartan
predicts a slower decrease in long-term renal function. Kidney Int.
2011;80(3):282-287. https://doi.org/10.1038/ki.2011.79

Kraus BJ, Weir MR, Bakris GL, et al. Characterization and implica-
tions of the initial estimated glomerular filtration rate ‘dip’ upon
sodium-glucose cotransporter-2 inhibition with empagliflozin in the
EMPA-REG OUTCOME trial. Kidney Int. 2021;99(3):750-762.
https://doi.org/10.1016/j.kint.2020.10.031

Oshima M, Jardine MJ, Agarwal R, et al. Insights from CREDENCE
trial indicate an acute drop in estimated glomerular filtration rate
during treatment with canagliflozin with implications for clinical
practice. Kidney Int. 2021;99(4):999-1009. https://doi.org/10.1016/j.
kint.2020.10.042

Adamson C, Docherty KF, Heerspink HJ, et al. Initial decline (dip) in
estimated glomerular filtration rate after initiation of dapagliflozin in
patients with heart failure and reduced ejection fraction: insights
from DAPA-HF. Circulation. 2022;146(6):438-449. https://doi.org/
10.1161/circulationaha.121.058910

How to cite this article: Trico D, Fadini GP, Morieri ML, et al.
Prevalence and risk factors of glomerular hyperfiltration in
adults with type 2 diabetes: a population-based study.
Diabetes Metab Res Rev. 2024,e3782. https://doi.org/10.1002/
dmrr.3782

85UB017 SUOWWIOD AIIe1D) 8|qeotjdde 8y A peuienob ae e YO 8sn Jo SNl 10} Ariq1T8UIUO 48] 1M UO (SUORIPUOD-PUR-SLLIBY/ALICO" A3 1M ARIq 1 BUI|UO//SdNY) SUORIPUOD pue SWe 1 8y} 885 *[202/TT/9z] Uo Ariq1T8ullUO A8]IM ‘W L0 8luowRld A AVseAIIN AQ Z8.2€ 1ILIP/Z00T OT/I0P/W0D A8 |Im AreIq1juljuo//:sdiy Wo.j pepeojumod ‘€ ‘%202 ‘095202ST


https://orcid.org/0000-0002-7633-1346
https://orcid.org/0000-0002-7633-1346
https://orcid.org/0000-0002-7855-8253
https://orcid.org/0000-0002-7855-8253
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.3782
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.3782
https://doi.org/10.1016/s0140-6736(23)01301-6
https://doi.org/10.1016/s0140-6736(23)01301-6
https://doi.org/10.1038/s41581-022-00559-y
https://doi.org/10.2337/dc11-2189
https://doi.org/10.1038/ki.2011.404
https://doi.org/10.2337/dc22-2003
https://doi.org/10.1016/j.kint.2017.07.013
https://doi.org/10.1001/jamanetworkopen.2020.2377
https://doi.org/10.1001/jamanetworkopen.2020.2377
https://doi.org/10.1136/bmjdrc-2020-001481
https://doi.org/10.1136/bmjdrc-2020-001481
https://doi.org/10.1681/asn.2014010115
https://doi.org/10.1681/asn.2014010115
https://doi.org/10.1681/asn.2016060666
https://doi.org/10.1681/asn.2016060666
https://doi.org/10.2215/cjn.03080314
https://doi.org/10.1056/nejmoa1114248
https://doi.org/10.2337/dc13-1931
https://doi.org/10.1530/eje-16-0327
https://doi.org/10.1038/ki.1997.111
https://doi.org/10.1161/circheartfailure.111.963256
https://doi.org/10.1161/circheartfailure.111.963256
https://doi.org/10.1038/ki.2011.79
https://doi.org/10.1016/j.kint.2020.10.031
https://doi.org/10.1016/j.kint.2020.10.042
https://doi.org/10.1016/j.kint.2020.10.042
https://doi.org/10.1161/circulationaha.121.058910
https://doi.org/10.1161/circulationaha.121.058910
https://doi.org/10.1002/dmrr.3782
https://doi.org/10.1002/dmrr.3782
https://orcid.org/0000-0002-7633-1346
https://orcid.org/0000-0002-7855-8253

	Prevalence and risk factors of glomerular hyperfiltration in adults with type 2 diabetes: A population‐based study
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Data collection
	2.2 | Definitions
	2.3 | Statistical analysis

	3 | RESULTS
	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	DATA AVAILABILITY STATEMENT
	CONSENT FOR PUBLICATION


